A fundamental step in characterizing marine planktonic communities is the knowledge of the variability of their biomass, physiological rates and mortality in order to assess the flux of matter through the food web and to evaluate the fate of this energy. Biomass is a critical parameter because it determines the magnitude of physiological and mortality fluxes. Biomass is dependent on abundance and size spectrum and ultimately on community structure. In zooplankton, it has been recognized that biomass and abundance assessments produce a higher variability (one to three orders of magnitude) than measurements of rates (Huntley and Lopez, 1992) . Therefore, the knowledge of this variability is of great importance in studies of fluxes, and a proper sampling design for biomass is critical in studies addressing mesoscale variability.
Subtropical waters represent a large part of the ocean. They are mainly oligotrophic with short episodes of enrichment in late winter due to erosion of the seasonal thermocline resulting from the cooling of the surface mixed layer. However, it has been suggested recently that zooplankton abundance can vary in relation to illumination by the moon in subtropical waters (Hernández-León, 1998; Hernández-León et al., 2001a) . The annual cycle of epipelagic copepods in the waters off the Canary Islands showed that variability of the different species was related to the lunar cycle with peaks in abundance around the full moon. This variability was tentatively explained by lunar cycle changes in predation pressure by diel vertical migrants. Such changes in abundance have previously been described in freshwater ecosystems (Gliwicks, 1986) , where the increase in zooplankton during the second quarter of the moon, and the subsequent decrease after the full moon, was related to differences in predation by fish on zooplankton. A similar mechanism has been suggested (Hernández-León, 1998) for subtropical waters where the key predators are the diel vertical migrants that form the acoustic deep scattering layers (DSLs).
In the Canary Island waters, the composition and behaviour of the DSLs is well known (Baker, 1970; Roe, 1972; Pugh, 1974; Rudyakov, 1979; Hernández-León et al., 2001b) and they migrate from ~400-600 m depth to the epipelagic similarly to the behaviour observed in other areas of the tropical and subtropical waters (Vinogradov, 1962; Longhurst, 1976) . Acoustic data (Tarling et al., 1999; Pinot and Jansá, 2001 ) and net sampling (Clarke, 1973; Roger, 1974; Tarling et al., 1999) show that these organisms do not reach the upper layers of the ocean due to moon illumination (Blaxter, 1974) . It is well known that deep scattering layers follow the diel vertical movement of particular isolumes (Boden and Kampa, 1967) . During the full moon, the night-time lunar illumination is sufficient to place the equivalent of the midday isolume, found at ~500 m depth in subtropical waters, at 100-150 m depth (Clarke and Denton, 1962 ). This isolume behaviour should limit predator migration and hence should reduce the predation pressure in superficial waters, allowing epipelagic zooplankton to increase in abundance. In contrast, after the full moon, diel vertical migrants will reach the near-surface waters due to darkness during the first hours of the night, and hence increase predatory pressure in this layer. However, the consequences of this impact on epipelagic zooplankton has not been considered in studies of biomass distribution and trends. Hernández-León found a coincidence between the abundance of epipelagic copepods and the full moon during a complete annual cycle (Hernández-León, 1998) . In a recent paper, Hernández-León et al. also observed that these changes in abundance are observed in the 0-200 m water column, indicating that those changes in abundance are not related to the variation in the vertical distribution of epiplankton in the upper 200 m (Hernández- León et al., 2001a) . The results reported showed that this phenomenon is evident as changes in numbers of epipelagic zooplankton, and suggest that it could be a general feature of population dynamics in these subtropical waters. However, the variability of zooplankton biomass related to the moon illumination remained.
In order to study zooplankton biomass variability during a lunar cycle, we conducted a series of samplings during April and May, 1999, north of the Canary Islands in an area considered undisturbed (Barton et al., 1998) by the islands (Figure 1 ), using different vessels of opportunity (Table I) . Zooplankton was captured using a WP-2 net (UNESCO, 1968) equipped with a 100 µm mesh net. The sampler was hauled vertically during daylight hours (between 11 and 18 h) from 100 m to the surface in order to sample the upper thermocline and the surface mixed layer, the depths most likely to be influenced by changes in moon illumination. Vertical profiles of temperature, conductivity and fluorescence were obtained using a CTD probe equipped with an in situ fluorometer. On board, the zooplankton sample was size fractionated (200, 500 and 1000 µm), frozen and transported to the laboratory where dry weight was measured using a standard procedure (Lovegrove, 1966) .
Zooplankton dry weight, totalled over the water column to 100 m, was higher during full moon than during new moon ( Figure 2a ) although a large variability was observed during the former period. Size fractionated biomass (Figure 2b) showed that the large variability (high standard deviations) observed during full moon was mainly due to the large size fraction (>1000 µm). This consisted mostly of siphonophores and large chaetognaths which are known to show a high degree of patchiness and a poor capturability in vertical hauls. The higher biomass during the second quarter of the moon was also observed in the other size fractions measured. This is clearly observed when data are represented as the percentage of the highest biomass in each size class ( Figure  2c ) showing that mortality (or predation) was equally important in all the size fractions studied. The decrease in biomass was found during the full moon and the following days, but did not coincide exactly with changes in lunar illumination. Non-significant differences (ANOVA, P > 0.05) were found in the vertical distribution of chlorophyll between full and new moon periods. The variability of zooplankton in relation to the lunar cycle has been shown in freshwater ecosystems to be the result of predation (Gliwicks, 1986) . In the open ocean diel vertical migrants increase the number of predators in shallower waters by ~70% (Longhurst and Williams, 1979) and they are able to prey upon epipelagic zooplankton, mainly copepods (Hopkins and Gartner, 1992; Kinsey and Hopkins, 1994) . The predatory effect of these organisms could account for the control of a relatively large percentage of the zooplankton biomass (Hopkins and Gartner, 1992) . According to the migratory behaviour suggested in a previous work (Hernández-León, 1998) and explained above, the difference in epipelagic zooplankton biomass between full and new moon is related to the position of the migrant fauna in the water column during those periods. The non-coincidence between the decrease in zooplankton biomass after the full moon and moon illumination (Figure 2c ) may be explained by the moon's time of rising. This grows later every day, producing an increasing period of darkness during the first hours of the night in the days after the full moon. These hours of darkness allow predators to migrate into the epipelagic zone, as was also observed during a lunar eclipse (Tarling et al., 1999) , and thus to consume zooplankton there. A similar trend in predation has been called the 'plankton trap' in the case of lakes (Gliwicks, 1986) . However, non-significant impact was observed in chlorophyll distribution. This is in agreement with the idea that microzooplankton are a major component of the diet of copepods (Roman and Gauzens, 1997; Calbet and Landry, 1999) . Growth of epipelagic zooplankton involved in the biomass increase should be high enough to allow the development of organisms during the first and second quarter of the moon. In this sense, at 20°C the expected generation time of copepods is ~12 days (Huntley and Lopez, 1992) or 15-20 days as observed from the mode of the data presented by Mauchline (Mauchline, 1998) for the 17-23ºC range.
The 3-4-fold decrease and increase in zooplankton biomass during the lunar cycle must have severe implications for the transport of carbon to deep waters. This cycle will increase the importance of the so-called active flux of the oceanic carbon pump and can be seen as promoting the transfer of energy from the euphotic to the mesopelagic zone. A rough estimate of this flux with the present data can be simulated considering
where P is production, B 1 and B 0 are the biomass at time 1 and 0 respectively, and M is mortality. Then,
g being the growth rate and m the mortality rate. A decrease in biomass from 2053 to 551 mg dry weight (dwt) m -2 in 14 days was simulated and a daily growth of 0.01 day -1 and a mortality rate of 0.15 day -1 were obtained. A daily mortality of 57.9 mg dwt m -2 day -1 or 22.8 mg C m -2 day -1 [assuming that carbon is 40% of dry weight (Omori and Ikeda, 1984) ] was found. Assuming that the average primary production during the late winter bloom from February to May in the Canary Islands was 735 mg C m -2 day -1 (Fernández de Puelles, 1986), we calculated a gravitational flux of 36.5 mg C m -2 day -1 from an equation given by Lohrenz et al. (Lohrenz et al., 1992) . This estimate showed that daily active flux during the cycle was 63% of the gravitational flux, which jointly with the daily active flux due to respiration in these waters [21-28% (Hernández-León et al., 2001b; Yebra et al., in preparation) ] or the average values for other areas of the ocean [3-30% (Longhurst et al., 1990; Dam et al., 1995) ], could account for a similar value to that estimated for the particle flux. We are aware that this phenomenon can be more significant near upwelling areas where sharp DSLs are observed. Thus, the importance of the lunar cycle of predation should be explored in central gyre waters, but the differences found in abundance (Hernández-León, 1998; Hernández-León et al., 2001a) and biomass (present work) support the view that those changes in zooplankton occur at a similar level in freshwater and marine planktonic communities, supporting the importance of predation and community structure in the population dynamics of the pelagic system (Verity and Smetacek, 1996) . The presence of large amounts of faecal pellets at nearly monthly intervals in sediment traps at 900 m depth north of the Canary Islands (Fischer et al., 1996) may be related to the increase in the trophic flux of migrants. Moreover, a 30 day periodicity has been observed in the material recovered in sediment traps deployed in subtropical waters south of the Canaries (Khripounoff et al., 1998) . The lunar cycle observed in zooplankton may explain the variability observed in the gravitational flux. It also may help to explain the uncoupling normally observed between primary production and export flux (Michaels et al., 1994; Karl et al., 1996) . Finally, it is worth considering the effect of this phenomenon on the development of pelagic fish larvae populations in filaments shed from upwelling areas. Larvae are abundant in those structures (Rodríguez et al., 1999) and are considered part of the so-called fundamental triad (Bakun, 1998) affecting fish recruitment in those areas of the ocean. They, also, are likely to be subject to lunar-cycle changes in predation.
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